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(57) A liquid crystal display comprises a liquid crys- 
tal cell of a bend alignment mode or a homogeneous 
alignment mode and two polarizing elements. Each of 
the elements is arranged on each side of the liquid crys- 
tal cell. At least one of the polarizing elements is an el- 
lipsoidal polarizing plate. The ellipsoidal polarizing plate 
comprises a lamination of an optically anisotropic layer 
(31 ), a transparent substrate (33) and a polarizing mem- 
brane (34). The optically anisotropic layer contains dis- 
cotic compounds (31a,...,31e). The transparent sub- 
strate is optically anisotropic. The polarizing membrane 
is arranged as an outermost layer of the liquid crystal 
display. The optically anisotropic layer and the transpar- 
ent substrate are so arranged that an angle between a 
normal discotic direction and a slow axis (SA) in plane 
of the transparent substrate Is essentially 45°. The nor- 
mal discotic direction is an average of directions ob- 
tained by projecting normal lines (NL) of discotic planes 
of the discotic compounds on the plane of the substrate. 
The transparent substrate and the polarizing membrane 
are so arranged thai the slow axis (SA) in plane of the 
transparent substrate is essentially parallel to or essen- 
tially perpendicular to the transmission axis (TA) of the 
polarizing membrane. 



Fig. 3 
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FIELD OP TM E IN VFMTinM 

BACKGRQI JNIQ OF THF IMX/CNrr,^,., 
[0002] A liquid crystal disolav (\ rr\\ ho» ^ 

power, compared with a cathode rayTbe ,^^^^^^^ "'^^P"' ^^'S^' ^w consumption of electric 

po.arizingelementsarrangedonbo,?'siro;S^^^ comprises a liquid crysSTeM an^^^^^^^^ 

aa-,me i.qu.d crystal compounds and an e\^cXrr^:^Z:/^:.:: a pair of substratAc 

the substrates. The electrode layer has a functS J^onMnn f f '=°'"P°"nds are provided between 

°''J^,«"bstrates has an orientation layer, wht^^^ata JuSorf of '° "^"''^ ^'y^'^' compound Each 

[0003J An optically compensatoo^ shee (a ZsTre^r^S^ uluT""^ ''^ '"'"'"^ ^'V^'^' com^^und.' 

.5 lomed by ta„9 aligns discolie eompouncfc "m, dlJooVir ™f "'^ ™» °P"ra"V ^olropic toy,, 

«e thai omnol be obtained by the o»,v.ntkmal o^iS^ ""^M h»» » spooirfc oplloal eha,.M., 

MM lbs bonnosaneous allgnmani mMa has r9csrll7bee„S r. r w ""^ ""''^ '° ■=•"■ ™» IMS costal 
ira^^rrernirmre?^^^^^^^^^^^ 

-n^rovement is still necessary to be compaS.r^ltS """^^ ^™ ^™ However. aSr 

e^llig mTm^—^^^ 
d^p ays. However, the known optical compensatoTsh^eTS a s^etch^rT"'' '""^ conventional liquid crystaT 
coital display ,s not effective in the liquid crystal dTsplay if blnrt birefr.ngent film used in a convenfcnal l^uid 
mode. Particularly, the known stretched birZringemS shlws « °' homogeneous alignment 

JS^OsT aII" r; "Z' Sment^::^: ^ etlect on the dis^plaTo" 

dis^ot^c^^^^^^ 

wS^^StZT' 9{1997).197397 (U s'TaTe'^No 5 ..^^^^^ 



SUMIVIERY OF THF IMUPnitt^k. 
[0010] 
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. ment mode using an optical compensatory sheet containing discotic compounds. As a result, the present inventor has 
found a problem thai a displayed image is colored with leaked light of a specific wavelength. The present inventor has 
further found that the problem is caused by a wavelength dependency of a transmittance of an ellipsoidal polarizing 
plate (a lamination of an optically compensatory sheet and a polarizing element). The present inventor has furthermore 

s found that the wavelength dependency of the transmittance is caused by a problem on an arrangement of an optically 
anisotropic layer, a transparent substrate and a polarizing membrane In the known liquid crystal display 
[0011] The prior art references (Japanese Patent Provisional Publication No. 9(1997)-1 97397 and International Pub- 
lication No. WO96/37804) does not clearly describe the arrangement of an optically anisotropic layer, a transparent 
substrate and a polarizing membrane (particularly the direction of the slow axis of the transparent substrate). However; 

10 the present inventor considers that an optically anisotropic layer and a transparent substrate have been so arranged 
that a normal discotic direction (an average of directions obtained by projecting normal lines of discotic planes of 
discotic compounds on plane of the transparent substrate) is essentially parallel to a slow axis in plane of the transparent 
substrate, since the above-mentioned arrangement can easily be constructed. The present inventor also considers 
that a transparent substrate and a polarizing membrane are so arranged that an angle between a slow axis in plane 

15 , of the transparent substrate and a transmission axis in plane of the polarizing membrane is essentially 45'. 

[0012] In preparation of an ellipsoidal polarizing plate, a rubbing treatment ot discotic compounds has usually been 
conducted along a longitudinal direction of a rolled transparent substrate because the treatment is easily conducted. 
The longitudinal direction of a rolled transparent substrate usually is a stretched direction, which corresponds to a slow 
axis of the transparent substrate. The rubbing direction corresponds to a normal discotic direction, which is an average 

20 of directions obtained by projecting normal lines of discotic planes of discotic compounds on plane of the substrate. 
Further, the optically anisotropic layer and the polarizing membrane should be so arranged that an angle between the 
normal discotic direction and the transmission axis in plane of the polarizing membrane is essentially 45° to obtain the 
maximum optically compensatory effect on a liquid crystal cell of a bend alignment mode or a homogeneous alignment 
mode. 

2S [001 3] In the case that a transparent substrate is placed between two polarizing membranes which are so arranged 
that the transmission axes of the membranes are perpendicular to each other, the transmittance (T) is defined by the 
following formula (3). 



(3) T = sin^(2(t))sin^(7cRe/X) 

in which ((» is an angle between a slow axis in plane of the transparent substrate and a transmission axis in plane of 
the polarizing membrane (of the light incident side); A. is a wavelength of light; and Re is a retardation value in plane 
of the transparent substrate measured at the wavelength of X. 

[0014] According to prior art, the angle between a slow axis in plane of the transparent substrate and a transmission 
axis in plane of the polarizing membrane {^) was 45°. Accordingly, the s\n^(2<^) was the maximum value (1 ). Therefore, 
a wavelength dependency was caused in the transmittance (T) because of the wavelength dependency of the retar- 
dation value in plane of the transparent substrate (Re). 

[0015] An object of the present invention Is to further improve a liquid crystal display of a bend alignment mode or 
a homogeneous alignment mode without causing color contamination on a displayed image. 

[0016] Another object of the invention is to provide an ellipsoidal polarizing plate suitable for a liquid crystal display 
of a bend alignment mode or a homogeneous alignment mode. 

[0017] The present invention provides a liquid crystal display comprising a liquid crystal cell of a bend alignmient 
mode and two polarizing elements, each ot which is arranged on each side of the liquid crystal cell, at least one of said 
polarizing elements being an ellipsoidal polarizing plate comprising a lamination of an optically anisotropic layer, a 
transparent substrate and a polarizing membrane, said optically anisotropic layer containing discotic compounds, said 
transparent substrate being optically anisotropic, and said polarizing membrane being arranged as an outermost layer 
of the liquid crystal display, 

wherein the optically anisotropic layer and the transparent substrate are so arranged that an angle between a 
normal discotic direction and a slow axis in plane of the transparent substrate is essentially 45°, said normal discotic 
direction being an average of directions obtained by projecting normal lines of discotic planes of the discotic compounds 
on plane of the substrate, and wherein the transparent substrate and the polarizing membrane are so arranged that a 
slow axis in plane of the transparent substrate is essentially parallel to or essentially perpendicular to a transmission 
axis in plane of the polarizing membrane. 

[001 8] The invention also provides a liquid crystal display comprising a liquid crystal cell of a homogeneous alignment 
mode and two polarizing elements, each of which is arranged on each side of the liquid crystal cell, at least one of said 
polarizing elements being an ellipsoidal polarizing plate comprising a lamination of an optically anisotropic layer, a 
transparent substrate and a polarizing membrane, said optically anisotropic layer containing discotic compounds, said 



3 



RN.«avTntr>: <fp oq^w-toap i > 



EP 0 926 533 A2 



30 



3S 



40 



45 



SO 



SS 



nor^aMfsc^.^^^^^^^^^^^ su.s.rate are so arrange, tha. an an„e 5e.ween a 

s direcUon being ari average of direc.ion'S^Lned'ytS^^^^^^^^ TT^'' ^' ^'"«««c 

on plane of the substrate, and wherein the tmnsparenSslrate mfr^L , ""^T °' compounds 
Slow axis in plane of the transparent substrate is ^sent^v ca^N^ ,o "'^"'"^^"^ s° ^^^anged that a 

axis in plane of the polarizing membrane Parallel to or essentially perpendicular to a transmission 

oTr?osrS~'-----^^ 

-rnardSo^^er Lrr^^^^^^^ - so arranged that an angle between a 

- ^'-fonbeinganaverageofdirectionsobtai'nedbypr^^^^^^^^^^ 

on plane of the substrate, and wherein the transparen^sSteTnH hf ^^^^ ^^^^ of the discotic compounds 
Slow axis in plane of the transparent sutsXrB^^essl^r^STr^^^^ membrane are so arranged that a 

axis in plane of the polarizing membrane ^"^^"•'^"y P^^'^' or essentially perpendicular to a transmission 

0 term -essential, parallel.- .e te^ -essential, 

for error is preferably in the range of ^4° Ze o eZllT^^ ^Tl^ ^"^'^ ^^9« °' ±5-. The margin 

[0021, in the specification, the te^ "sS^ aS^the ^^^^^^^^^^^ range of:tl-. 

direction showing the maximum refractive index the drrectrn Ihl^ "transmission axis" mean the 

showing the maximum transmittance respectively ^ ^^'^^^'^^^ the direction 

Jn^e^alrg^rs^Cm^^^^^^^^^^ 

display is improved by changing the arranqeSntTthe 1^^^^^ ^ ^'^^'^^^^ ''"^S^ liquid crystal 

polarizing membrane. arrangement of the an optically anisotropic layer, a transparent substrate and a: 

[0023] The formula (3) is cited again. 

(3) T = sin^(2<J))sin^(nRea) 

of the transparent substrate measured at the wavelength of r ^ retardation value in plane 

minimum value (0). Therefore, the wLelen^dep^^enc^^^^ ° ^ ' '^'^^^^^'"SV. the sin2(2<l,) is the 

(Re) does not affect on the transmittance (T) ''^"^"^^"'^^ °' retardation value in plane of the transparent substrate 

m the same manner as in prior art. Therefore the rZZrZt L '.S '""'"''^^"^ essentially 45- 

bendalignmentmodeora homogeneousSn^^nt^TcanS^^^^^^^^ °" ^ ''^"'^ ''^^'^l ceL a: 

asinpriorart. . ^""an be obtained by the present invention in the same manner 

irint^r ^ftrrrpre^^^^^^^^^^^^ ^ r mode or a homogeneous 
[0027] in preparation of an ellipsoidal polarilq^iaf tJ^^ orl °' °" ^ ^^'^P'^V^^ image. 

However, the advantage is not serious ?he rSTrea m.n^ h f ^^"'^9«°"« '° 'he present invention, 

of 45- to the longitudinal direction of a rolled transient ^^^^^^^^ compounds is conducted along a direction 

treatment has been conducted along the loSnLMirec^^^^^^^ invention, while the rubbing 

display and the ellipsoidal polarizing plate of the p^rsenT.'^^^^^^^^ ""^^ liquid crystal 

manufacturing apparatus. '^^'^ ''^ P^«P^^«d by slightly modifying a conventional 

BRIEF DESn RIPTIOM of THE DRAWINin.ci 

o^^bld'iSgl^eX^T' ^'^'^ ^'^'^'^'''""^ crystal molecules in a lipuid coastal cel. 



<EP 0926533A2_r_> 



4 



EP 0 926 533 A2 

[0029] Fig. 2 is a sectional view schematically illustrating alignnnent of liquid crystal molecules in a liquid crystal cell 
of a homogeneous alignment mode. 

[0030] Fig. 3 schematically illustrates an ellipsoidal polarizing plate according to the present invention. 
[0031] Fig. 4 schematically illustrates a liquid crystal display of a bend alignment mode according to the present 
s invention. 

[0032] Fig. 5 schematically illustrates a relation of optical compensation in a liquid crystal display of a bend alignment 
mode. 

[0033] Fig. 6 schematically illustrates a liquid crystal display of a homogeneous alignment mode according to the 
present invention. 

10 [0034] Fig. 7 schematically illustrates a relation of optical compensation in a liquid crystal display of a homogeneous 
alignment mode. 

[0035] Fig. 8 schematically illustrates various embodiments of an ellipsoidal polarizing plate. 
[0036] Fig. 9 schematically illustrates other various embodiments of an ellipsoidal polarizing plate. 

IS DETAILED DESCRIPTION OF THE INVENTION 

[0037] A liquid crystal display and an ellipsoidal polarizing plate are described by referring to the drawings. 
[0038] Fig. 1 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell 
of a bend alignment mode. 

20 [0039] As is shown in Fig. 1 , a bend alignment liquid crystal cell comprises an upper substrate ( 1 4a), a lower substrate 
(14b) and liquid crystal compounds (11) sealed between the substrates. The liquid crystal compounds (11) used in a 
bend alignment liquid crystal cell generally has a positive dielectric constant anisotropy Each of the upper substrate 
(14a) and lower substrate (14b) has an orientation layer (12a, 12b) and an electrode (13a, 13b). The orientation layer 
has a function of aligning the. rod-like liquid crystal molecules (11a to 11j). RD in Fig. 1 means the rubbing direction of 

25 the orientation layer. The electrode has a function of applying voltage to the rod-like liquid crystal molecules (1 1 a to 1 1 j). 
[0040] As is shown in (off) of Fig. 1 , the alignment of the liquid crystal molecules (11 a to 11 e) near the upper substrate 
{14a) is substantially antiparallel (symmetrical) to the alignment of the molecules (11f to 11j) near the lower substrate 
(14b) when the applied voltage is low. The liquid crystal molecules (11a, lib. 111, llj) neighboring the substrates (14a, 
14b) are essentially horizontally aligned, while the liquid crystal molecules (11d to 11g) centered in the liquid crystal 

30 cell are essentially vertically aligned. 

[0041] As is shown in (on) of Fig. 1 . the liquid crystal molecules (11a. llj) neighboring the substrates (14a, 14b)are 
still essentially horizontally aligned when the applied voltage is high. The liquid crystal molecules (lie, 11f) centered 
in the liquid crystal cell are still essentially vertically aligned. The alignment of the other liquid crystal molecules (11b, 
11c, lid, 11g, 11h, 11i) is changed when the applied voltage is increased. The molecules are rather vertically aligned 

35 compared with the alignment of the off state. The alignment of the liquid crystal molecules (11a to lie) near the upper 
substrate (14a) is still substantially antiparallel (symmetrical) to the alignment of the molecules (11f to llj) near the 
lower substrate (14b) even if the applied voltage is high. 

[0042] Fig. 2 Is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell 

of a homogeneous alignment mode. 
40 [0043] As is shown in Fig. 2, a homogeneous alignment liquid crystal cell comprises an upper substrate (24a), a 

lower substrate (24b) and liquid crystal compounds (21) sealed between the substrates. The liquid crystal compounds 

(21) used in a homogeneous alignment liquid crystal cell generally has a positive dielectric constant anisotropy. Each 

of the upper substrate (24a) and lower substrate (24b) has an orientation layer (22a. 22b) and an electrode (23a, 23b). 

The orientation layer has a function of aligning the rod-like liquid crystal molecules {21a to 21 j). RD in Fig. 2 means 
45 the rubbing direction of the orientation layer The electrode has a function of applying voltage to the rod-like liquid ^ 

crystal molecules (21a to 21 j). 

[0044] As is shown in (off) of Fig. 2, the liquid crystal molecules (21a to 21 j) are essentially horizontally aligned when 
the applied voltage is low. However, the aligned compxjunds are slightly slanted (pretilted) to a direction. The slanted 
compounds can be aligned to the pretilted direction when voltage is applied to the liquid crystal cell 
so [0045] As is shown in (on) of Fig. 2. the liquid crystal molecules (21a to 21j) are rather vertically aligned when the 
applied voltage is high. However, the liquid crystal molecules (21a, 21 j) neighboring the substrates (24a, 24b) are still 
essentially horizontally aligned when the applied voltage is high. The liquid crystal molecules (21d to 21 g) centered in 
the liquid crystal cell are essentially vertically aligned. 

[0046] Fig. 3 schematically illustrates an ellipsoidal polarizing plate according to the present invention. 
55 [0047] As is shown in Fig. 3, an ellipsoidal polarizing plate comprises a lamination of an optically anisotropic layer 
(31) containing discotic compounds (31a to 31 e), an optically anisotropic transparent substrate (33) and a polarizing, 
membrane (34). The ellipsoidal polarizing plate shown in Fig. 3 further comprises an orientation layer (32) between 
the optically anisotropic layer (31 ) and the transparent substrate (33). 
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to the surface of the transparent substrate fa?^ ttL I . P"^"^^ inclined to planes parallel 

inclined. As the distance betweent frn:, fi^^^^^^^^^ ^^'^^ P'-- and the parallel planeTi fj 

^ transparent substrate (33). the Inclined angles inc^easr THravl^rJ 'r' '""'"^""^ ^ ""^ of the 

50'. An ellipsoidal polarizing plate has a functiorof^mDrol^o ,hr^ '"^ ^"^'^ " '^^ ^^nge of 15 to 

Where the inclined angles are changedas is sho^ o^^^r-^e eZTdi '^^^ '"rther improved 

Si " °i P^«^^"""9 an image from reversbn. gray scate Ze^^^nf^'^"'^'''? ""^'^ '^'^ ^ "^^^ another 

[0049] The average of directions (PL) obtair^ed bv nmt . <=°"«amination of a displayed image 

- compounds (3la to 31e) on plane o/ the suts,re (SsTraSraS 1^' ^ °' "'^"'"'^ PlanesVthe Sic 
ayer (32). According to the present invention, an Sl^^lwien^ nn '"''^'"^ ^^^^^ °' '^^ orientation 
t.ons) and a slow axis in plane of the transparent suSateSesfl^irr"'! ^^^-^9- PL direc- 
polanzing plate, an angle (G) between the rubbing drreSon (Rm^^^^^^ P^^P^^^tionof the ellipsoidal 

- ?rrTr ^""^'^'^ ^ essen.?araC2?o^Si'^°"^"'^''°" 'av- (32) and the slow axis (SA) in 
iw&oj Further, the transparent substrata n^ix *k . ' 

(SA) in Plane of the transparent subside tsSen faS^SnLTlo^^^^^^^ ^° ^"^^^^ '^at a slow axis 

(TA) ,n ptene of the polarizing membrane. In the eMafSSi^n^ Perpendicular to a transmission axis 

of the transparent substrate (33) Is essentially paraSto thL^°i ^ '^'^'^ ^'^w axis (SA) in plane 

(34). The Slow a.s (SA) in plane of the trans^aS subi^^^^^^^^^^^ P'^^ ^he polarizing mLS 

the transparent substrate (33). The transmission 2cfs (S)t S!n!lZ ' ':°^.^^^P°"'^^ '° stretching direction of 
S Ro° r r ^''"^ °' polarizTng m^r^bra?^^^^^^^^ ^'""""^ ^^4) is generally per- 

^ — ^ — ^ crystal display oJ a Ld alignment mode according to the present 
^ -Sing^fe:^^^^^^^ 

[00S3] The liquid crystal cell of the bendLl^nmem mcSL ^ m 1 '"""^ a back ligt!t (BQ 

The rubbing directions (RD2. RD3) In the liqufd T^sl^Sn n o^^^TTV° ^^own in Flg.^ ^ . 

rOOS4] The ellipsoidal polarizing plate comprlseTitmtl ion , ' ^P^'^"^' *° °»^^r). 

noT TH^'^IT^ "'^^ - P^^rlzing mTrbrane'S ^^^^^^^ T'^°'^°P'= "^y- (^^A- ^^B). a trans- 

(10). The rubbing directions (RDl RD4) of the rti^rrlt ^ ^ ''""^ ^ide of the liquid crystal cell 

antiparallel to the rubbing directions (^2 ^03) ^^ .^ ^ °' """'^^''^ anisotropic layer ?31 A Tb aS 
the discotic compounds are antipara leUo the average H^T*" "k" ""^^ ^irectiLs RDi. RD4) 

Ptenes Of the discotic compounds on plane of tCSra e ^e ^n^^ ^^^^ °' d-°«S 

^^eln f t?^' P'a^eonhe transparent subi^esT^l S^^ '"'''''"^ ^'^^^tions (RDl. RD4) 

The angles between the rubbing directions (RDl RD4tand th? -"ti • ^ are essentially 45» in the same plane 
membranes (34A. 34B) are also essentia ly 4^ Tme sal SfT^^^^^ ""^^ P'^"« °f P^'an^ins 

arranged the transmission axes (TA1 TA21 Ir^ nJnli ^ , polarizing membranes (34A 34B) are so 

rooss] Fig. 5 schematically i.-uitTat^s a fe SnTc^S^^^^^^^^ ^T'^' arrangiment) "° 

[2^6] Asissh ^ ^"'°"'P^"'^"°"'"^"q"*dco.staldisplayofabendalignmerit 

between optica^^ars^r^'c fay^rs (sTa JSTnS oSSi'^'''*"' "^'"^^^ compensated with coopeiation ■ 

coastal display of the present Invention ' ^ °P"-"y anisotropic transparent substrates (33A. 33B)r«?e Tql : 

[0057] - The rubbing directions f RDl RD4^ nf thi^ h- *■ 

are antiparallel to the rubbing directions (RD2 fRDsfLTthlV^T""''' °' ^P'^^^^''^ anisotropic layers (31 A 31 B) 
Of the bend alignment liquid Crystal ceiui o^i s S j c^rr^^rsrtedtvr "^"'^ 4stal mot u Is 

to c and e to g) discotic compounds in the itlc^ly aKSavLr^ by the corresponding (shown as the relations a 
substrates (33A. 338) correspond (shown as the r^at o^S a^^^^^^^ '^^ "P'*^' ^^''^°''^P'^ transparent 

rnolecule centered in the bend alignment liquid crysSdorTh^^^? the essentially vertically aligned liquid crystal 
'^''^'"''^ «'''P-°'"d= causL b^op i?am2,S^^^^^^ '""'^'"^^ *" transparent subsidies . 
Etln^^nL— — 

[0061] The ellipsoidal polarizing plate comorises Tbn^ZT f ^ ' antiparallel to each other 
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(20). The rubbing directions (RD1, RD4) of the discotic compound of the optically anisotropic layer (31 A, 31 B) are 
antiparallel to the rubbing directions {RD2, RD3) in the liquid crystal cell (20). The rubbing directions (RD1, RD4) of 
the discotic connpounds are antiparallel to the average of directions obtained by projecting nornnal lines of discotic 
planes of the discotic compounds on plane of the substrate. The angles between the rubbing directions (RD1, RD4) 
5 and the slow axes (SA1 , SA2) in plane of the transparent substrates (33A, 33B) are essentially 45° in the same plane. 
The angles between the rubbing directions (RD1 , RD4) and the transmission axes (TA1 , TA2) in plane of the polarizing 
membranes (34A. 348) are also essentially 45° in the same plane. The polarizing membranes (34A, 348) are so 
arranged the transmission axes (TA1 . TA2) are perpendicular to each other (crossed nicols arrangement). 
[0062] Fig. 7 schematically illustrates a relation of optical compensation in a liquid crystal display of a homogeneous 
. to alignment mode. 

[0063] As is shown in Fig. 7, the homogeneous alignment liquid crystal cell (20) is optically compensated with co- 
operation between optically anisotropic layers (31 A, 318) and optically anisotropic transparent substrates (33A, 33B) 
in the liquid crystal display of the present invention. 

[0064] The rubbing directions (RD1 , RD4) of the discotic compounds of the optically anisotropic layers (31 A; 31 8) 
?5 are antiparallel to the rubbing directions (RD2, RD3) of the liquid crystal cell. Accordingly, the liquid crystal rinolecules 
of the bend alignment liquid crystal cell (20) is optically compensated by the corresponding (shown as the relations a 
to c and e to g) discotic compounds in the optically anisotropic layers (31 A, 31 B). The optical anisotropic transparent 
substrates (33A, 338) correspond (shown as the relations d and h) to the essentially vertically aligned liquid crystal 
molecule centered in the bend alignment liquid crystal cell (20). The ellipsoids contained in the transparent substrates 
20 (33A, 338) mean refractive index ellipsoids caused by optical an isot ropy of the transparent substrates. 
[0065] Fig. 8 schematically illustrates various embodiments of an ellipsoidal polarizing plate. 

[0066] The embodiment (a1) corresponds to the most basic ellipsoidal polarizing plate shown in Fig. 3. The embod- 
iment (a1) comprises a lamination of an optically anisotropic layer (31) containing discotic compounds, an optically 
anisotropic transparent substrate (33) and a polarizing membrane (34) in this order. The angle between the rubbing 
25 direction (RD) of the discotic compounds and the slow axis (SA) of the transparent substrate (33) is essentially 45°. 
The slow axis (S A) of the transparent substrate (33) is essentially parallel to the transmission axis (TA) of the polarizing 
membrane (34). 

[0067] The embodiment (a2) comprises a lamination of an optically anisotropic layer (31) containing discotic com- 
pounds, an optically aj?isotropic transparent substrate (33) and a polarizing membrane (34) in this order. The angle . 
30 between the rubbing direction (RD) of the discotic compounds and the slow axis (SA) of the transparent substrate (33) 
is essentially 45°. The slow axis (SA) of the transparent substrate (33) is essentially perpendicular to the transmission 
axis (TA) of the polarizing membrane (34). , 

[0068] The embodiment (a3) has two transparent substrates (33a. 33b) . According to the present invention, at least 
one substrate (33b) should satisfy the above-described arrangement with an optically anisotropic layer (31) and a 
35 polarizing membrane (34). Therefore, the angle between the rubbing direction (RD) of the discotic compounds and the 
slow axis (SA2) of one transparent substrate (33b) is essentially 45°. The slow axis (SA2) of the transparent substrate 
(33b) is essentially parallel to the transmission axis (TA) of the polarizing membrane (34). The slow axis (SA1) of the 
other transparent substrate (33a) is essentially parallel to the rubbing direction (RD) of the discotic connpounds in the 
same manner as in prior art. 

40 [0069] The embodiment (a4) has two transparent substrates (33a, 33b), each of which satisfies the above-described 
arrangement with an optically anisotropic layer (31) and a polarizing membrane (34). Therefore, the angle between 
the rubbing direction (RD) of the discotic compounds and the slow axes (S A1 . SA2) of the transparent substrates {33a. 
33b) is essentially 45°. The slow axes (SA1, SA2) of the transparent substrates (33a, 33b) are essentially parallel to 
the transmission axis (TA) of the polarizing membrane (34). 

45 [0070] The embodiment (a5) also has two transparent substrates (33a, 33b). each of which satisfies the above- 
described arrangement with an optically anisotropic layer (31) and a polarizing membrane (34). Therefore, the angle 
between the rubbing direction (RD) of the discotic compounds and the slow axes (SA1 , SA2) of the transparent sub- 
strates (33a, 33b) is essentially 45°. The slow axis (SA1 ) of the transparent substrate (33a) nearthe optically anisotropic 
layer (31) is essentially perpendicular to the transmission axis (TA) of the polarizing membrane (34). The slow axis 

so (SA2) of the transparent substrate (33b) near the polarizing membrane (34) is essentially parallel to the transmission 
axis (TA) of the polarizing membrane (34). 

[0071] Fig. 9 schematically illustrates other various embodiments of an ellipsoidal polarizing plate. 
[0072] The embodiment (b1) comprises a lamination of an optically an isotropic transparent substrate (33), an optically 
anisotropic layer (31 ) containing discotic compounds and a polarizing membrane (34) in this order The angle between 
55 the rubbing direction (RD) of the discotic compounds and the slow axis (SA) of the transparent substrate (33) is es- 
sentially 45°. The slow axis (SA) of the transparent substrate (33) is essentially parallel to the transmission axis (TA) " 
of the polarizing membrane (34). 

[0073] The embodiment (b2) comprises a lamination of an optically anisotropic transparent substrate (33), an optically 
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sentially 45°. The slow axis (SA) of ,he transpaSub Jra e ^^^^ T t-n^paren. substrate (33) is es- 

(TA) of the polarizing membrane (34). ^^'^"^ substrate (33) is essentally perpendicular to the transmission axis 

^ [0074] The embodiment (b3) has two transparent substrates f3Ta a. ^ . .u 

one substrate (33b) should satisfy the above-describS arrrniS;!? 

polar^ing membrane (34). Therefore. theSje be^ee^tSbT h . anisotropic layer (31) and a 

Slow axis (SA2) of one transparent substrate 33b)res^^ 

(33b) is essentially parallel to the transmis^on Ss (TA) oHhe T ^^"^^ °' transparent substrate 

^0 other transparent substrate (33a) is essent^ll Sra IllfH^ '^k 1^ membrane (34). The slow axis (SA1 ) of the 
same manner as in prior art ^=^^""^"y P^^^''^' to the rubbrng direction (RD) of the discotic compounds in the 

[0075] The embodiment (b4) has two transparent substrates r3q« , a, 

arrangement with an optically anisotropic layer (3 ) and a oolirS;f ^" °' ^'^^ ^''^^^^ the above-described 

"--'^bingdlrection(RD)ofthediscot^compoui?i^'ndth^^^^^^^^ 
'5 33b) IS essentially 45°. The slow axes ^SA1 c^ao\ r.i * ^'^waxes (bAl . SA2) of the transparent substrates (33a ^ 

the transmtesionLis (TA) of tSrpXSg'merrani (3!;""''""' ^"^^ 

'^:^ler:r~:nt!'!:: ZX::::^^S^T °' --satisfies .he above, 

between the rubbing direction (rS) of tL dSc ccS^o mdi Tn. I'^'T""'^ rnew^rsne (34). Therefore, the angle 
^0 strates (33a. 33b) is essentially 45= T^e^^ iisTArof t """^ ^^^^^ ' ^"^^ °' '^^ transparent sub- 

perpendicular to the transmi Jon axis^^A) oTtS p^S^j^^^^ 1 mh "^^iT"^^'"' '""^'^^'^ ^^^^ - «^«"««"y 
substrate (33b) near the optically anisotrop c Lyer (3 T^nS ^^-^ ""'^ f®^2> °' transparent 

transmission axis (TA) of the polarizing mTmbl^ f^y "" ^""^""'"9 "^^'"''^^"^ (^4) is essentially parallel to the 

25 [Optical characteristics of ellipsoidal polarizing plate] 

— ^^^^ ~. an 

(1) Re = (nx-ny)xd 

(2a) Rth = [(n2+n3)/2-n1]xd 

■0 

(2b) Rth = [(nx+ny)/2-n2]Xd 

minimum principal refractK^e inderoUhe'optiLTaniS^^^^^^ °T ^""^P"^"' ^"'^^'^^'^^ '"^^ ' 

rndex of the optically anisolropic layer nz is a refracSnnJv ? 1 f ^"^ P""c*Pa' refractive 

or the transparent substrate; and d is a thiXess of hi oft^ ^ ^ """"" °' ^P^'^^^''^ anisotropic layer ^ 

[0080] The Re retardation value o the oS ^2^010^^^^^^ an.sotropic layer or the transparent substrate. 
• retardation value of the optically anisX^ CerTot^e^ahr' 'l^'^'^'^"^ '"^^ ^-"S« of 10 tol 00 nm. The Rth 
direction of the minimum retardation ar^d^ noTa NneTnle ? " n' °' ^ '° ''^^ ^"^'^ « 

of 20 to 50-. ^ ""^ ^"^^ °Pt"=3"y anisotropic layer (P) is preferably in the range 

[0082] In the case that the ellipsoidal polSq pte^e ?s uld r V"°2^ °' ^ homogeneous alignment mode, 
the Re retardation value of the transparem sul,rar(L aS^^ °' ^ "^"^ ^''S"--' 

-n combination) is preferably in the range of 5 to 1 00 nr^ and he Rm f ^^.''^'^^'^ '^o or more substrates 

ICQ to 1.000 nm. ^ ^""^ '""^ ^^'^^^tion value is preferably in the range of 
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[0083] In the case that the ellipsoidal polarizing plate is used in a liquid crystal display of a homogeneous alignment 
mode, the Re retardation value of the transparent substrate (or a lamination of the substrate where two or more sub- 
strates in combination) is preferably in the range of 0 to 1 00 nm. and the Rth retardation value is preferably in the range 
of 10 to 1,000 nm. 

5 [0084] in the case that two or more transparent substrates are used (particularly In a liquid crystal display of a bend 
alignment mode), a cellulose ester film and a polycarbonate film are preferably used in combination. 
[0085] The Re retardation value of the cellulose ester film used in a liquid crystal display of a bend alignment mode 
is preferably in the range of 0 to 30 nm. and the Rth retardation value is preferably in the range of 10 to 100 nm. The 
Re retardation value of the polycarbonate film is preferably in the range of 5 to 100 nm. and the Rth retardation value 

10 is preferably in the range of 100 to 1 ,000 nm. 

[0086] The liquid crystal display of the present invention is characterized in that the wavelength dependency of the 
optically compensatory effect is low. The low wavelength dependency of the optically compensatory effect means that 
the difference between the sum of the Re retardation values of the optically anisotropic layer and the transparent 
substrate (total value of the layer and the substrates where two ellipsoidal polarizing plates are used) and the Re 

75 retardation value of the liquid crystal display is less than 10 nm even if the values are measured at any wavelength in 
the range of 400 to 700. The values can easily be obtained by arranging the optically anisotropic layer, the transparent 
substrate and the polarizing membrane of the ellipsoidal polarizing plate according to the present invention. 

[Optically anisotropic layer] 

20 

[0087] The optically anisotropic layer contains a discotic compound. The discotic compound preferably is negative 
uniaxial, and preferably is obliquely aligned. The discotic compound preferably has a hybrid alignment shown in Fig. 
3. wherein the inclined angles (between the discotic planes and the planes parallel to the transparent substrate) are 
changed along a normal line of the transparent substrate. The discotic compound has an optic axis along a nornnal 
^5 line of the discotic plane. The birefringence along the discotic plane is larger than that along the optic axis. 

[0088] An optically anisotropic layer is preferably formed by aligning a discotic compound by an orientation layer, 
and fixing the alignment of the discotic compound. The discotic compound is fixed preferably by a polymerization 
reaction. 

[0089] The minimum retardation value in the optically anisotropic layer is preferably larger than 0. In other words, a 
30 direction having retardation of 0 preferably is not present in the optically anisotropic layer 

[0090] The discotic (liquid crystal) compound is described in various documents (C. Destrade et al., Mol. Crysr Liq. 
Cryst,. vol. 71, page 111 (1981); Japan Chemical Society, Quarterly Chemical Review (written in Japanese), chapter 
5 and chapter 10, section 2 (1994); B. Kohne et aL. Angew. Chem. Soc. Chem. Comm., page 1794 (1985); and J. 
Zhang et al., J. Am. Chem. Soc., vol, 116. page 2655 (1994)). The polymerization reaction of the discotic compound 
35 is described in Japanese Patent Provisional Publication No. 8(1996)-27284, 

[0091] A polymerizable group should be bound to a discotic core of the discotic comfXDund to cause the polymerization 
reaction of the compound. However, if the polymerizable group is directly bound to the discotic core, it is difficult to 
keep the alignment at the polymerization reaction. Therefore, a linking group is introduced between the discotic core 
and the polymerizable group. Accordingly, the discotic compound having a polymerizable group preferably is a com- 
40 pound represented by the following formula (I). 

(I) D(-L-P)„ 

45 in which D is a discotic core; L is a divalent linking group; P is a polymerizable group; and n is an integer of 4 to 12. 
[0092] Examples of the discotic cores (D) are shown below. In the examples. LP (or PL) means the combination of 
the divalent linking group (L) and the polymerizable group (P). 
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(D13) 



(D14) 



10 



IS 




LP PL 



LP PL 




20 



25 



30 



35 



(D15) 




40 



45 



[0093] In the formuia (I), the divalent linking group (L) preferably is selected from the group consisting of an alkylene 
group, an alkenylene group, an arylene group, -CO, -NH-, -0-, -S- and combinations thereof. L more preferably is a 
divalent linking group comprising at least two divalent groups selected from the group consisting of an alkylene group, 
an arylene group, -CO-, -NH-. -O- and -S-. L more preferably Is a divalent linking group comprising at least two divalent 
groups selected from the group consisting of an alkylene group, an arylene group, -CO- and -0-. The alkylene group 
preferably has 1 to 12 carbon atoms. The alkenylene group preferably has 2 to 12 carbon atoms. The arylene group 
preferably has 6;tb 10 carbon atoms. 

[0094] Examples of the divalent linking groups (L) are shown below. In the examples, the left side is attached to the 
discotic core (D), and the right side is attached to the polymerizable group (P). The AL means an alkylene group or an 
alkenylene group. The AR means an arylene group. The alkylene group, the alkenylene group and the arylene group 
may have a subslituenl group (e.g., an alkyi group). 



50 



55 



L1 : -AL-GO-O-AL-O-CO- 
L2: -AL-CO-O-AL-O- 
L3: -AL-CO-O-AL-O-AL- 
L4: -AL-CO-O-AL-O-CO- 
L5: -CO-AR-O-AL- 
L6: -CO-AR-O-AL-O- 
L7: -CO-AR-O-AL-O-CO- 
L8: -CO-NH-AL- 
L9: -NH-AL-O- 
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L10: -NH-AL-O-CO- 

L11: -O-AL- 

L12; -O-AL-O- 

L13: -0-AL<D-CO- 

LI 4; O-ALO-CO-NH-AL- 

L15: -O-AL-S-AL- 

L16: O-CO-AR-O-AL-CO- 

L17: -O-CO-AR-O-AL-O-CO- 

L18: -O-CO-AR-O-AL-O-AL-O-CO- 

LI 9: -O-CO-AR-O-AL-OAL-O-AL-O-CO- 
L20: -S-AL- 

L21:-S-AL-0- 

122: -S-AL-O-CO- 

L23: -S-AL-S-AL- 

L24: -S-AR-AL- 



20 



25 



— CH=CH. 



(PI) 



— CECH 



(P2) 



{P3) 



30 



—NH. 



(P4) 



—SOoH 



(P5) 



{P6) 



O 

—CHg-CH-CH 



2 



35 



— C=CH. 



{P7) 



(P8) 

— CH=CH-CH3 



— N=C=S 



(P9) 



40 



—SH 



(PIO) 



— CHO 



(Pll) 



—OH 



(P12) 



45 



— COoH 



(P13) 



— N=C=0 



(P14) 



(P15) 



--CH=CH-C2H5 



so 



ss 



(P16) 
— CH=CH-n-C3H7 



(P17) 
— CH=C-CH3 

CH, 



p 

— CH^H- 



(P18) 



Esrs,rrj=~— ^^^^^^ 
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identical. 

. [0098] An optically anisotropic layer can be formed by coating a solution containing the discotic compound, a po- 
lymerization initiator and other optional components on an orientation layer. 

[0099] The optically anisotropic layer has a thickness preferably in the range ot 0.5 to 1 00 \im, and more preferably 
5 in the range of 0.5 to 30 |im. 

[0100] The aligned discotic compound is preferably fixed while keeping the alignment The compound is fixed pref- 
erably by a polymerization reaction. The polymerization reaction can be classified a thermal reaction using a thermal 
polymerization initiator and a photo reaction using a photo polymerization initiator A photo polymerization reaction is 
preferred. 

10 [0101] Examples of the photo polymerization initiators include a-carbonyl compounds (described in U.S. Patent Nos. 
2,367,661, 2.367,670), acyloin ethers (described in U.S. Patent No. 2,448,828). a-hydrocarbon substituted acyloin 
compounds (described in U.S. Patent No. 2.722,512), polycyclic quinone compounds (described in U.S. Patent Nos:- 
2.951.758. 3,046,127). combinations of triarylimidazoles and p-aminophenyl ketones (described in U.S. Patent No. 
3,549,367), acridine or phenazine compounds (described in Japanese Patent Provtsional Publication No. 60(1985)- 

fs 105667 and U.S. Patent No. 4,239,850) and oxadiazole compounds (described in U.S. Patent No. 4,212,970). 

[0102] The amount of the photo polymerization initiator is preferably in the range of 0.01 to 20 wt.%, and more 
preferably in the range of 0.5 to 5 wt.% based on the solid content of the coating solution of the layer. 
[0103] The light irradiation for the photo polymerization is preferably conducted by an ultraviolet ray. The exposure 
energy is preferably in the range of 20 to 5,000 mJ per cm^ and more preferably in the range of 100 to 800 mJ per 

■O crrfi. The ligfit irradiation can be conducted while healing the layer to accelerate the photo polymerization reaction. 
[0104] A protective layer can be provided on the optical anisotropic layer 



(Orientation layer] 



[0105] The orientation layer has a function of aligning discotic compounds. The orientation layer can be formed by 
rubbing treatment of an organic compound (preferably a polymer), oblique evaporation of an inorganic compound, 
formation of a micro groove layer, or stimulation of an organic compound (e.g., co-tricosanoic acid, dioctadecylmethy- 
lammonium chloride, methyl stearate) according to a Langmuir-Blodgett method. Further, the aligning function of the 
orientation layer can be activated by applying an electric or magnetic field to the layer or irradiating the layer with light. 
[0106] The orientation layer is preferably formed by rubbing a polymer The polymer preferably is polyvinyl alcohol. 
A denatured polyvinyl alcohol having a hydrophobic group is particularly preferred. The discotic compound can uni- 
formly be aligned by introducing the hydrophobic group into polyvinyl alcohol because the hydrophobic group has an 
affinity with the discotic compound. The hydrophobic group is attached to the side chain or the end of the main chain 
of polyvinyl alcohol. 

[0107] The hydrophobic group preferably is an aliphatic group (more preferably an alkyi group or an alkenyl group) 
having 6 or more carbon atoms or an aromatic group. 

[0108] In the case that the hydrophobic group is attached to the end of the main chain, a linking group is preferably 
introduced between the hydrophobic group and the end of the main chain. Examples of the linking group include -S-, 
-C(CN)R"'-, -NR2-, -CS- and combinations thereof. Each of R"* and R^ is hydrogen or an alky! group having 1 to 6 
carbon atoms, and preferably Is an alkyI group having 1 to 6 carbon atoms. 

[01 09] In the case that the hydrophobic group is attached to the side chain, the acetyl group of the vinyl acetate units 
in polyvinyl alcohol is partially replaced with an acyl group (-CO-R3) having 7 or more carbon atoms. R^ is an aliphatic 
group having 6 or more carbon atoms or an aromatic group. 

[0110] Commercially available denatured polyvinyl alcohols (e.g.. MP103. MP203, R1130, Kuraray Co., Ltd.) can be 
used in the orientation layer. 

[0111] The (denatured) polyvinyl alcohol has a saponification degree preferably of not smaller than 80%. The (de- 
natured) polyvinyl alcohol has a polymerization degree preferably of not smaller than 200. 

[0112] The rubbing treatment can be conducted by rubbing the layer with a paper or cloth several limes along a 
certain direction. A cloth is preferred to a paper. The cloth preferably uniformly contains uniform (about length and 
thickness) fibers. 

[0113] After aligning discotic compounds of the optically anisotropic layer by the orientation layer, the alignment of 
the discotic compounds can be kept even if the orientation layer is removed. Therefore, the orientation layer is not 
essential In a prepared ellipsoidal polarizing plate, while the orientation layer is essential in the preparation of the 
ellipsoidal polarizing plate. 

[0114] In the case that the orientation layer is provided between the optically anisotropic layer and a transparent 
support, an undercoating layer (an adhesive layer) is preferably provided between the orientation layer and the trans- 
parent support. 
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[Transparent substrate] 
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35 



40 



45 



SO 



[0117] Examples of the polymers iMe oowSr^T ^" °P''f^' ^'^ ^'°"9 « of a discotic plane. 

" ester (e.g.. diacety. cemZXiaJ^^c^Mcie^^ P^'V-^-e. Polyethersulfone and cellulose 

formed preferably according to a soLnt caSng meS P^"'"^^^^ P^l^"^^^ 

cellulose acetate film (partlcu^alcelTce^^^^^^ " "^"'^ ^'^^'^^ °* ^ ''^"^ -"^"'"ent mode), a 

^ The lamination preferab^ cornpLratel.^fe'^^^^^^^ PoVcarbonate film are preferably used in combinatiJin. 
optical anisotropic layer. ceiiuiose ester film and a polycarbonate film in this order from the side of an 

Sc s^rhS tTeltiris^ rd^^S^^^^^^^ '° ^ «9 a polymer film. Even if a 

polymer roll. The effect of the presentTnvenS; Ln be obt^ n ' T''^ ^'""^ ^ longitudinal direction of a 

[0120] The transparent substrate haTrtSness oraf^^^^^^^ 

the range of 50 to 200 ^m. thickness preferably ,n the range of 20 to 500 pm. and more preferably in 

Sc'Vt^:rerur:r^^^^^^^ 

(e.g. . adhesive layer, orientation layer oZJCb^s^^^^^ ? '° " '-V^^ ^-'ed on the substrate 

t~3 p , erred. Two or moro^urfattl^rn bo"u^e2 fn'rhi^r °' ^ 

Sblyrre-S^^^^^^^ 

[Polarizing membrane] 

Santr rdTnl^^r;:^^^^^^^^^ ---e or a povene ^pe polarizing: 

membrane is usually made of a polyvinyl alcoS flj^ ^'^ ^ '^'"^ membrane and the dye type polarizing 

parent substrate can function as he protSL mer^r^^^^^ P^^"' the transv. 

to the transparent substrate, the protective r^em^rne^J" S ^ protective membrane is used in addition 

film, particular^ a triacetyl celluloLir In .^^eTase that t^^^^^ T'""' ''°''°P*" ^"'^^ ^ 

as only one of two polarizing elements Jhe other SS^le^^^^^^^ °' P^""^"' "^-^'^ 

and a protective membrane. oiner polarizing element preferably is a laminatbn of a polarizing membrane 

[Preparation of ellipsoidal polarizing plate] 

orientation layer. The anTbJ^e:^ robbing dir^crr thfdir ' T"' °" 
(corresponding to the slow axis) is adjusted to45' t^^^,^L'^^''°" °' ''^"^'^"'"9 transparent substrate 
The lamination is rolled up. While rolling the laminati^do^ h anisotropic layer is fomied on the orientation layer 
wrth a protective film, which protects XaSy 3^01^0010 ' °' ^P'"^"^ anisotropic layer is covered 

[0129] ,n the case that two tiansparit subsfr^^^^^^^ ^f'"' °' "^'^ '^"""^''"^ *^ ^^"-'^ "P ^Qain. 

Of a firs, substrate of a rolled film by usin^ an SLsle ,n *^ ^"^^^^^ on asuLe 

the process is repeated by using an adhesUe ' '^'^^ transparent substrates are used. 

ducted immediately after forming the optical^ am^i^ri^^^^^^^^ "l" P°'^^'^*"9 '"^'"''^^"^ P-'-rabV con- 

rolling the film up and down. ^"''"P*^ "^^^^ *° ^^^^'^^ the repeating number of the processes of 
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[Liquid crystal cell] 

[0132] The ellipsoidal polarizing plate of the present invention is particularly effective in a liquid crystal display of a 
bend alignment mode or a homogeneous alignment mode. 

[0133] In a liquid crystal cell of a bend alignment mode, liquid crystal molecules centered in the cell can be twisted 
(chiral alignment). 

[0134] In the liquid crystal cell of a bend alignment mode, the product (AnXd) of a refractive anisotropy (An) of the 
liquid crystal molecule and a thickness (d) of the liquid crystal layer of the liquid crystal cell is preferably in the range 
of 1 00 to 2.000 nm, more preferably in the range of 1 50 to 1 ,700 nm, and most preferably in the range of 500 to 1 ,500 
nm to satisfy the brightness and the viewing angle. 

[0135] In the liquid crystal cell of a homogeneous alignment mode, the product (Anxd) of a refractive anisotropy (An) 
of the liquid crystal molecule and a thickness (d) of the liquid crystal layer of the liquid crystal cell is preferably in the 
range of 100 to 2,000 nm, more preferably in the range of 100 to 1,000 nm, and most preferably in the range of 100 
to 700 nm to satisfy the brightness and the viewing angle. 

[0136] The liquid crystal cell of a vertical alignrrient mode or a homogeneous alignment mode is used according to 
a normally white (NW) mode or a normally black (NB) mode. 



EXAMPLE 1 



(Formation of first transparent substrate) 

[0137] On a triacetyl cellulose film (thickness: 100 |am), a gelatin undercoating layer (thickness: 0.1 jam) was formed 
to obtain a first transparent substrate. 

[0138] The Re retardation value of the first transparent substrate (measured at the wavelength of 546 nm) was 0.6 
nm, and the Rth retardation value was 35 nm. 

(Formation of orientation layer) 



[01 39] A coating solution of the following composition was coated on the gelatin undercoating layer of the first trans- 
parent substrate by using a wire bar coater of #16. The coating amount was 28 ml per m2. The coated layer was air 
dried at eo^'C for 60 seconds, and further air dried at 90°C for 1 50 seconds to form an orientation layer. The formed 
layer was subjected to a rubbing treatment. The angle between the rubbing direction and the slow axis of the first 
transparent substrate (measured at the wavelength of 632.8 nm) was 45°. 



35 


Coating solution for orientation layer 




The following denatured polyvinyl alcohol 


10 weight parts 




Water 


371 weight parts 




Methanol 


119 weight parts 


40 


Glutaric aldehyde (cross-linking agent) 


0.5 weight part 



45 



SO 



(Denatured polyvinyl alcohol) 



(CH2— CH)87.8 — 
OH 



(CHg— CH)i2.o 
O 

9=0 
CH3 



(CH2— CH)o.2" 
O 



c=o 




0(CH2)40COCH=CH2 
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(Formation of optically anisotropic layer) 



= acetate butyrate (CAB551-0.2. Eastman cCmi^^f o 23 f.fV^^^ ^""^"""^^ 9 °' 

ical). 1.35 g of a photopolyme izaticTflator^SL^e 907^^^^ T^'^n '"^''^'^ <CAB531-1. Eastman Chem- 
Nippon Kayaku Co.. Ltd ) were dissolJS to n/infr! I . ' ^"'^ 9 « sensitizer (Kayacure DETX. 

tation layer by using a wire b"r t'lT^slZTZ^'^ S '°"t "^'"^ '^"^'^^ °" 

for 2 minutes to align the discotic comoound ThlTht f . ^^^^^'^ ^ thermostat at ISO-C 



was 38 
was 40*. 



(Discotic compound) 
R 
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25 
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■ «-o-coh^o-(ch,u-o-cok:h=ch, 

(Formation of second transparent substrate) 

S ^--^V avenge m^ecular 

Obtain a dope. The dope was cast on a band d^ed a^sS-c^oJ^n T ""^^ defoamed under vacuum to 

100-C for 10 minutes. The obtained film was "Stch^^^^ 

stretched by 4.7% along a horizontal dir^crfon t^ oht^n . k T? ^ 'onstudinal direction at 170»C. and was 

havingthethicknessof 80Mm ^tom^ZZe^nl f f (^^ond iransparent substrate) 

CLd^r^h^tL^^ -strata (me^surrlrthe wavelength of 54S nm) was 

(Lamination of second transparent substrate) 

i^tl fiSn^n^patnt rii^rlSJ SeTcrd rntren^'r. 'f T^'°" («^omprising the optically anisotropic layer 
axis Of the second transparent subs, ate (me^sure^^^^^^^^^ T«\?f "^'^^ "«*"9 ^" ^'^h-s'v^ The slow 

Of the first transparent substrate ^"^^^s^^ed at the wavelength of 632.8 nm) was perpendicular to the slow axis 

- - The Re retardation value of the obtain^ lam^ation measured at .he wavelength of 436 nm. 546 nm and 



[0145] 

611.5 nm 



(Fomiation of ellipsoidal polarizing plate) 



55 



■aTLr Lrd?ec" — (comprising the opt.al^ an^.opic 

The transmission axis of the polarizing mlbrane was „!r^ h 7 membrane was laminated by using an adhesive, 
and parallel to the slow axis ^the Z^Zi:^:^^^!^' °' ''^"^''^^^"^ -"^'-^^^ 
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EXAMPLE 2 

(Formation of second transparent substrate) 

[0147] In dichlorbmethane, 2,2'-bis(4-hydroxyphenyl)propane polycarbonate resin (viscosity average molecular; 
weight: 28,000) was dissolved to obtain a 18 wt.% solution. The obtained solution was defoamed under vacuum to 
obtain a dope. The dope was cast on a band: dried at 50°C for 10 minutes, peeled from the band, and further dried at 
lOO^C for 10 minutes. The obtained film was stretched by 5.5% along a longitudinal direction at 170°C, and was, 
stretched by 2.5% along a horizontal direction to obtain a biaxially stretched roll film (second transparent substrate) 
having the thickness of 80 ^m. The longitudinal stretching was controlled by the difference between the rotating speeds 
of two chucking rolls. The horizontal stretching was controlled by the width of a tenter. 

[0148] The Re retardation value of the second transparent substrate (measured at the wavelength of 546 nm) was 
30 nm, and the Rh retardation value was 200 nm. 

(Lamination of second transparent substrate) 

[0149] On the surface of the first transparent substrate ot the lamination (comprising the optically anisotropic layer 
and the first transparent substrate) prepared in Example 1 . the second transparent substrate was laminated by using 
an adhesive. The slow axis of the second transparent substrate (measured at the wavelength of 632.8 nm) was per- 
pendicular to the slow axis of the first transparent substrate. 

[01 50] The Re retardation value of the obtained lamination was measured at the wavelength of 436 nm, 546 nm and 
611.5 nm. 

(Formation of ellipsoidal polarizing plate) 

[0151] On the surface of the second transparent substrate of the lamination (comprising the optically anisotropic 
layer and the first and second transparent substrates), a polarizing membrane was laminated by using an adhesive. 
The transmission axis of the polarizing membrane was perpendicular to the slow axis of the first transparent substrate, 
and parallel to the slow axis of the second transparent substrate. 

COMPARISON EXAMPLE 1 

(Formation of orientation layer) 

[0152] The coating solution used in Example 1 was coated on the gelatin undercoating layer of the first transparent 
substrate prepared in Example 1 by using a wire bar coater of #16. The coating amount was 28 ml per nri^. The coated 
layer was air dried at 60'*C for 60 seconds, and further air dried at 90^*0 for 150 seconds to form an orientation layer 
The formed layer was subjected to a rubbing treatment. The rubbing direction was parallel to the slow axis of the first 
transparent substrate (measured at the wavelength of 632.8 nm). 

(Formation of ellipsoidal polarizing plate) 

[0153] An ellipsoidal polarizing plate was prepared in the same manner as in Example 1, except that the above- 
prepared orientation layer was used. 

[01 54] The Re retardation value of the lamination comprising the optically anisotropic layer and the first and second 
transparent substrates was measured at the wavelength of 436 nm, 546 nm and 611 .5 nm. 

(Optica! characteristics of ellipsoidal polarizing plates) 

[0155] The optical characteristics of the ellipsoidal polarizing plates prepared in Examples 1 & 2 and Comparison 
Example 1 are shown in the following Table 1. 



TABLE 1 



Sample 


OA layer 


First substrate 


Second substrate 


Re 


P 


Re 


Rth 


6 


a 


Re 


Rth 


e 


<x 


Ex.1 


38 


40 


0.6 


35 


45 


90 


3 


200 


45 


0 



19 



10 



Sample 



Ex.2 
CI 



OA layer 



Re 
"38 
38 



40 
40 
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TABLE 1 (continued) 



IS 



(Remark) . 
C: Comparison Example 
OA: Optically anisotropic 
Re: Re retardation value (nm) 
Rth; Rth retardation value (nm) 



Re 
0.6 



35 



45 



a 
"90 
45 



Re 
"30 



200 



45 



a 



45 



p. Average inclined angle (•) of discotio plane 



20 EXAMPLF .q 



(Fora,ation of liquid crystal cel. of bend alignmen, ,r,ode) 



2S 



30 



35 



40 



45 



[0156] On a glass plate having an ITO electrode « k - 

(Preparation of liquid crystal display) 
EXAMPI F A 

(Preparation of liquid crystal display) 



50 



CQMPARKQQN EXAMPr rr o 
(Preparation of liquid crystal display) 
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(Evaluation of liquid crystal displays) 



10 



15 



[0161] The difference between the Re retardation values of the lamination (the optically anisotropic layer and the 
first and second transparent substrates) and the liquid crystal cell was calculated. The wavelength dependency was 
evaluated as the differences measured at the wavelength of 436 nnn, 546 nm and 611.5. The results are set forth in 
Table 2. In Table 2, the wavelength dependency is shown as a relative value based on the result measured at the 
wavelength of 546 nm as the standard value (0). 

[0162] Voltage (55 Hz) of a square wave was applied to the liquid crystal cell of the liquid crystal displays prepared 
in Examples 3 & 4 and Comparison Example 2. An image was displayed according to a normally white mode (white:; 
2V. black: 5V). A ratio of the transmittance (white/black) was measured as a contrast ratio, The upward, downward, 
leftward and rightward contrast ratios were measured. The viewing angle was evaluated as an angle that can view an 
image having a contrast ratio of not smaller than 10. 
[0163] Further, the front chromaticity of the black image was measured. 

[0164] Furthermore, the transmittance of the liquid crystal display was measured at the wavelength of 436 nm. The 
result was evaluated as a relative value based on the transmittance of a lamination of two polarizing membranes (para 
nicols arrangement) measured at the wavelength of 436 nm as the standard value (100%). 
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EXAMPLE 5 



TABLE 2 



Sample 


Dependency 


Viewing angle 


Chromat. 


T 


436 


546 


611.5 


U 


D 


L 


R 


X 


y 


(%) 


Ex.3 


6.0 


0 


-1.2 


80+ 


59 


57 


57 


0.151 


0.204 


1.10 


Ex.4 


6.2 


0 


-1.0 


80+ 


70 


73 


73 


0.150 


0.205 


1.08 


C2 


20.2 


0 


-6.4 


80+ 


60 


58 


57 


0.094 


0.120 


3.86 



(Remark) 
C: Comparison Example 
U: Upward viewing angle (°) 
D: Downward viewing angle (**) 
L: Leftward viewing angle {') 
R: Rightward viewing angle (°) 
80+: 80° or more 
Chromat.; Front chromaticity 
T: Relative transmittance 



(Formation of ellipsoidal polarizing plate) 



40 



[0165] An ellipsoidal polarizing plate was prepared in the same manner as in Example 1, except that the second 
transparent support was not used. 



COMPARISON EXAMPLE 3 



45 



(Formation of ellipsoidal polarizing plate) 



[0166] An ellipsoidal polarizing plate was prepared in the same manner as in Comparison Example 1, except that 
the second transparent support was not used. 



so 



(Optical characteristics of ellipsoidal polarizing plates) 



[01 67] The optical characteristics of the ellipsoidal polarizing plates prepared in Example 5 and Comparison Example 
3 are shown in the following Table 3. 
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Sample No. 



OA layer 



Re 



TABLE 3 



Re 



Transparent substrate 



Rth 



e 



a 



10 



15 



20 



Ex. 5 
Comp. 3 

(Reniark) 
OA; Optically anisotropic 
Re: Re retardation value (nm) 
Rth: Rth retardation value (nri)) 

P: Average inclined angle r) of discotic plane 
EXAMPLF fi 



(Formation of liquid co^sta, ce., o, homogeneous a.ignmen, mode) 
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(Preparation ofliquid crystal display) 

COMPARIS ON EXAMPI c y, 
(Preparation of liquid crystal display) 

(tvaiuation of liquid crystal displays) 
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having a contrast ratio of not smaller than 10. 

[0174] Further, the front chromaticity of the black image was measured. 

[0175] Furthermore, the transmittance of the liquid crystal display was measured at the wavelength of 436 nm. The 
result was evaluated as a relative value based on the transmittance of a lamination of two polarizing membranes (para 
nicols arrangement) measured at the wavelength of 436 nm as the standard value (100%). 
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TABLE 4 



Sample 


Dependency 


Viewing angle 


Chromat. 


T 




436 


546 


611.5 


U 


D 


L 


R 




y 


(%) 


Ex.6 


8.1 


.0 


-2.6 


75 


45 


56 


55 


0.203 


0.053 


0.33 


C4 


18.1 


0 


-8.2 


76 


45 


55 


55 


0.246 


0.082 


1.66 



(Remark) 
C: Comparison Example 
U: Upward viewing angle (°) 
D: Downward viewing angle (°) 
L: Leftward viewing angle ("*) 
R: Rightward viewing angle (°) 
Chromat.: Front chromaticity 
T: Relative transmittance 



Claims 



1 . A liquid crystal display comprising a liquid crystal cell of a bend alignment mode and two polarizing elements, each 
of which is arranged on each side of the liquid crystal cell, at least one of said polarizing elements being an ellip- 
soidal polarizing plate comprising a lamination of an optically anisotropic layer, a transparent substrate and a 
polarizing membrane, said optically anisotropic layer containing discotic compounds, said transparent substrate 
being optically anisotropic, and said polarizing membrane being arranged as an outermost layer of the liquid crystal 
display, 

wherein the optically anisotropic layer and the transparent substrate are so arranged that an angle between 
a normal discotic direction and a slow axis in plane of the transparent substrate is essentially 45°, said nomnal 
discotic direction being an average of directions obtained by projecting normal lines of discotic planes of the discotic 
compounds on plane of the substrate, and wherein the transparent substrate and the polarizing membrane are so 
arranged that a slow axis in plane of the transparent substrate is essentially parallel to or essentially perpendicular 
to a transmission axis in plane of the polarizing membrane. 

2. The liquid crystal display as defined in claim 1, wherein the transparent substrate has a Re retardation value 
defined by the fomnula (1) in the range of 5 to 100 nm and a Rth retardation value defined by the formula (2) in 
the range of 1 00 to 1 ,000 nm: 

(1) Re = (nx-ny)Xd 



(2) Rth = [(nx+ny)/2-nz]Xd 

in which nx is a refractive index of a slow axis in plane of the transparent substrate, ny is a refractive index of a 
fast axis in plane of the transparent substrate, nz is a refractive index of a thickness direction of the transparent 
substrate, and d is a thickness of the transparent substrate. 

3. The liquid crystal display as defined in claim 1. wherein the ellipsoidal polarizing plate comprises an optically 
anisotropic layer, a transparent substrate and a polarizing membrane in this order. 

4. The liquid crystal display as defined in claim 1, wherein the ellipsoidal polarizing plate comprises a lamination of 
two or more optically anisotropic transparent substrates, and at least one of the substrates, the optically anisotropic 
layer and the polarizing membrane are arranged as defined above. 
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5. 



6. 



10 



7. 



8. 



75 



formula (2) ,n the range of 1 00 to 1 ,000 nn!: ^ ^ '° ' °° ""^ ^ ^^^^ retardation value defined by the 
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0) Fle = (nx-ny)xd 
(2) Rth = [(nx+ny)/2-n2]Xd 
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pa.« a*.„ala taang ,hs pola,»,„g Imb™. aS^.T, "'""'>'»"« order, arM 0» ,„*s 

tropic, and wherein the transparent substrSle ST ' "^''^ '^^"^P^^^"^ substrate being optical^ Sso- 
arranged as defined above In^ach o, ^"'^ '"^^ membranTare 

I. A liquid crystal display comprising a liquid cn/stal rPii «f = K 

ments. each of which is arranged on each sT^of til homogeneous alignment mode and two polarizinq ele 

beingan ellipsoidalpolarizing^atecomp Ita b^^^^^^^ said polariz'ingSe , 

str^te "^^^ ^^'^ °P«^"y ^nfsotrop^^^^^^^^^ 

c^^^dTpT^^'^--^^^^^^ 

anormtrc:^rcSTrr^;-rpr^^^^^^^ 

d-scofc direction being an average of directions obSl^H J ^"^^Irate is essentially 45». Lid nor^a" 

compounds on plane of the subslate^n" ^^^^^^^^^^^^ °' ^-otic planes of the diZS 

the range of 1 0 to 1 .000 nm: ^ ^""^ ^ retardation value defined by the formula (2) in 



(1) Re = (nx-ny)xd 
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(2) Rth = [(nx+ny)/2-nz]xd 

in which nx is a refractive index of a slow axis in plane of the transparent substrate, ny is a refractive index of a 
5 fast axis in plane of the transparent substrate, nz is a refractive index of a thickness direction of the transparent 

substrate, and d is a thickness of the transparent substrate. 

13. The liquid crystal display as defined in claim 11, wherein the ellipsoidal polarizing plate comprises an optically 
anisotropic layer, a transparent substrate and a polarizing membrane in this order. 

10 

1 4. The liquid crystal display as defined in claim 11 , wherein each of the polarizing elements is an ellipsoidal polarizing 
plate comprising a lamination of an optically anisotropic layer, a transparent substrate and a polarizing membrane, 
said optically anisotropic layer containing discotic compounds, said transparent substrate being optically aniso- 
tropic, and wherein the transparent substrate, the optically anisotropic layer and the polarizing membrane are 

^5 arranged as defined above in each of the ellipsoidal polarizing plates. 

15. An ellipsoidal polarizing plate comprising a lamination of an optically anisotropic layer, a transparent substrate and 
a polarizing membrane, said optically anisotropic layer containing discotic compounds, said transparent substrate 
being optically anisotropic, and said polarizing membrane being arranged as an outermost layer, 

wherein the optically anisotropic layer and the transparent substrate are so arranged that an angle between 
a normal discotic direction and a slow axis in plane of the transparent substrate is essentially 45**, said normal 
discotic direction being an average of directions obtained by projecting normal lines of discotic planes of the djscolic 
compounds on plane of the substrate, and wherein the transparent substrate and the polarizing membrane are so 
arranged that a slow axis in plane of the transparent substrate is essentially parallel to or essentially perpendicular 
to a transmission axis in plane of the polarizing membrane. 
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25 



1 6. The ellipsoidal polarizing plate as defined in claim 1 5, wherein the transparent substrate has a Re retardation value 
defined by the formula (1) in the range of 0 to 1 00 nm and a Rth retardation value defined by the formula (2) in 
the range of 10 to 1 ,000 nm: 



30 



(1) Re = (nx-ny)Xd 
35 (2) Rth = [(nx+ny)/2-nz] x d 



in which nx is a refractive index of a slow axis in plane of the transparent substrate, ny is a refractive index of a 
fast axis in plane of the transparent substrate, nz is a refractive index of a thickness direction of the transparent 
substrate, and d is a thickness of the transparent substrate. 

40 

17. The ellipsoidal polarizing plate as defined in claim 1 5, wherein the ellipsoidal polarizing plate comprises an optically 
anisotropic layer, a transparent substrate and a polarizing membrane in this order. 



1 8. The ellipsoidal polarizing plate as defined in claim 1 5. wherein the ellipsoidal polarizing plate comprises a lamination 
45 ot two or more optically anisotropic transparent substrates, and at least one of the substrates, the optically aniso- 
tropic layer and the polarizing membrane are arranged as defined above. 

19. The ellipsoidal polarizing plate as defined in claim 18, wherein one transparent substrate is a cellulose ester film, 
another transparent substrate is a polycartx^nate film, and the ellipsoidal polarizing plate comprises an optically 

so anisotropic layer, a cellulose ester film, a polycarbonate film and a polarizing membrane in this order. 



20. The ellipsoidal polarizing plate as defined in claim 1 6, wherein the ellipsoidal polarizing plate comprises a lamination 
of two or more optically anisotropic transparent substrates, and each of the substrates, the optically anisotropic 
layer and the polarizing membrane are arranged as defined above. 

55 

21. The ellipsoidal polarizing plate as defined in claim 20, wherein one transparent substrate is a cellulose ester film, 
another transparent substrate is a polycarbonate film, and the ellipsoidal polarizing plate comprises an optically 
anisotropic layer, a cellulose ester film, a polycarbonate film and a polarizing membrane in this order. 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 8 
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of the transparent substrate is essentially 45°. The nor- 
mal discotic direction is an average of directions ob- 
tained by projecting normal lines (NL) of discotic planes 
of the discotic compounds on the plane of the substrate. 
The transparent substrate and the polarizing membrane 
are so arranged that the stow axis (SA) in plane of the 
transparent substrate is essentially parallel to or essen- 
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